INTRODUCTION
In the course of an investigation (5, 6, 13) in which the eggs of the sea urchin (Arbacia punctulata) were used to determine the metabolic effects exerted by 4,6-dinitro-o-cresol, the oxygen consumption of the eggs rose to a maximum at a concentration of 8 X 10 -6 molar 4,6-dinitro-o-cresol and then fell off somewhat abruptly to a point below that of the normal control. At the peak the oxygen consumption was approximately six times the normal for unfertilized and three to four times the normal for fertilized eggs. In the fertilized eggs cell division was completely blocked at the peak of respiration and the block in question was fully reversible since the treated eggs when returned to sea water after 3 hours resumed division at a normal speed and developed to swimming larvae.
This reversible block to division commencing with the peak of oxidation is unusual in four respects: First, that suppression of division should be associated with stimulation of oxidation; second, that extremely small concentrations of 4,6-dinitro-o-cresol induce a division block; third, that the block to division appears to occur most readily at the prophase of mitosis; and fourth, that the block to division is fully reversible over a wide range of concentrations.
That the dinitrophenols exert an adverse effect on growing organisms at relatively high concentrations is by no means a new observation since the toxicity and insecticidal properties of these substances have CELL METABOLIS~ AND CELL DIVISION. I been recognized for sohle years (9, 19) . However, the fact that a reversible block to cell division commences at the point where respiration is stimulated to a maximum suggests that an intensive and systematic study of the means whereby this respiratory stimulus is effected should lead not only to a more comprehensive understanding of the factors underlying the metabolism of normal and pathological cells and possible means of controlling the therapeutic application of metabolic stimulants, but might also throw light on the mechanism of cell division and afford some indication as to how cell division might be controlled.
In a further series of experiments, conducted on yeast, 4,6-dinitro-ocresol was found to markedly decrease the time of reduction of cytochrome (14) and to be capable of producing a stimulating effect on anaerobic systems fully equal to that exerted on aerobic systems (15) . These findings make it clear that the dinitrophenols do not, like methylene blue and other reversible dyes, function in the cell as oxidation-reduction systems which supplement the normal oxygen activating enzymes. A similar conclusion has been reached by DeMeio and Barron (7) .
The inability of Greville and Stern (10) to demonstrate that dinitrophenols are capable of reversible oxidation-reduction in the range of potentials characteristic of the living cell raises a doubt as to whether the oxidation-reduction of nitrophenols plays any r61e in the metabolic and division effects produced by these reagents.
The experiments to be presented in the present and succeeding papers are concerned with the effects exerted by a series of nitro and other derivatives of phenols on the respiration and cell division of Arbacia and other marine eggs. To differentiate between the effects on resting and dividing cells, a few experiments were carried out on unfertilized eggs.
An effort has been made to determine what chemical groupings and what variation in configuration of given chemical groupings are required for the production of a substantial respiratory stimulation and a reversible block to division in fertilized Arbacia eggs, and, in particular, to determine whether either the hydroxyl or nitro groups, or both, are indispensable. The three isomeric mononitrophenols, and several dinitrophenols were employed. Then substituent groups derived from the nitro group by partial and complete reduction were used in place of the nitro group, keeping the phenol nucleus intact. Following this, the nitrobenzene nucleus was retained while other substituents were used in place of the hydroxyl. Finally, for purposes of comparison, a series of oxidation-reduction indicators was employed.
EXPERIMENTAL PROCEDURE
Measurements of oxygen consumption were made with simple Warburg manometers and flasksby the direct method, using essentially the technique described by Dixon (8) . For determination of respiratory quotient, CO~ was first absorbed in saturated Ba (OH)~ and then liberated by 2.5 N HCI. The respiratory CO~ was calculated as the difference between the total amount present at the end of an experiment, and the initial amount, as determined by liberating CO~ from a sample of egg suspension at the beginning of the experimental period. The shaking rate was sixty-five complete cycles per minute at an amplitude of 7 cm.
The eggs were obtained and handled in the usual manner. Fertilization was performed before the egg suspension was transferred to the Warburg flasks. An egg suspension of 2 per cent by volume in sea water was used. If the volume of one egg is taken to be 212,000 ~s (12), a 2 per cent volume corresponds to approximately 90,000 to 100,000 eggs per cc. The egg volume was determined by the hematocrit method (20) , using a centrifugal force of approximately twenty-six hundred times gravity for 10 minutes. Repeated comparisons between egg volumes determined by the hematocrit and hemocytometer methods showed that the former method gave, on the average, results about 8 per cent higher than the latter. This agrees with the recently reported results of Shapiro (21) . Since the magnitude of this difference is known and reproducible, and since a considerable saving of time is effected, the hematocrit method was employed through the seasons of 1934 and 1935. The values for oxygen consumption in both fertilized and unfertilized eggs are based on original unfertilized egg volumes in order to eliminate the fluctuations in volume which follow fertilization.
In considering the suitability of these methods of handling and measurement, several facts may be emphasized. (1) The rate of oxygen consumption in the control samples of eggs, both fertilized and unfertilized, did not significantly increase or decrease during the usual 2 or 3 hour period of measurement. This indicates that gaseous equilibrium was maintained and that no partial cytolysis of the eggs occurred. (2) The rates of unit oxygen consumption obtained in different experiments did not deviate greatly from their average value, even though they were obtained at different times during the seasons of 1934 and 1935. (3) Control samples of unfertilized eggs returned to sea water at the end of the period of measurement and then fertilized showed a high percentage of fertilization and subsequent development. (4) Control samples of fertilized eggs, gave, during the course of respiratory measurement, 90 to 100 per cent regular cleavage. On return to sea water at the end of an experiment, almost all of the fertilized and dividing eggs in each control sample developed to normal swimming larvae.
The data on division were obtained and expressed essentially by the method described by Smith and Clowes (22) . According to this scheme, the unit is divisions per egg. An egg which has divided to two cells has performed one division; an egg divided to four cells, two divisions; an egg divided to eight cells, three divisions; an egg divided to sixteen cells or more, four divisions. Since, for eggs in optimum condition, about 65 minutes elapsed between fertilization and first cleavage, and about 30 minutes elapsed between successive subsequent cleavages, control eggs will have a division rate of about three at the end of a 2 hour experiment, and the maximum division rate of four, as defined above, at the end of a 3 hour experiment at 20°C. After September 1st the division rates observed were somewhat smaller than these even when the temperature was maintained at 20°C.
Each chemical was dissolved in fresh sea water just before use and the solution adjusted, if necessary, to the desired pH. In all cases excepting those specific&lly mentioned the solutions were brought to pH 8.2, that of normal sea water. In dissolving the phenols, it was found to be advantageous to add a few tenths of a cubic centimeter of normal sodium hydroxide directly to the weighed sample, to dilute with sea water almost to the required volume, and then to adjust the acidity. Usually the solutions were added from the side arms of the manometer vessels to give the final concentrations shown in the experimental data. Where the solubility of the chemical was too limited for the use of this method the solutions were added directly to the concentrated egg suspension before transfer to the Warburg vessels, using the necessary precautions to insure the experiments being comparable with those made at greater dilutions.
The authors are indebted to Professor L. F. Fieser for generous supplies of 2,4-dinitro-a-naphthol and tetramethyl-p-phenylene diamine. All other chemicals were prepared in the Lilly Research Laboratories or obtained in the purest available marketed form and suitably purified.
Explanation of Figures
In Figs. 1 and 2 the unit of oxygen consumption is cubic millimeters of O3 per 10 c.mm. of eggs. The unit of cell division is divisions per egg as defined in the previous section. When the values for hourly oxygen consumption and the values for cell division are plotted against the logarithm of the concentration it is impossible to make the control points fall on the experimental curve. Accordingly, these control values are represented by horizontal lines and labelled respectively, control O~ and control division.
For simplicity, and to bring out the relative effectiveness of various treatments, the data, in each figure subsequent to the first two, are presented on a relative basis. To compare the absolute and relative methods of presentation, it should be noted that the same set of data is plotted on an absolute basis in Fig. 2 , Part II, and on a relative basis in the 20°C. curve of Fig. 3 .
In all figures except Part I of Figs. 1 and 2 circles are used for oxygen consumption data and crosses for cell division data. When the reagent has little or no effect on oxygen consumption or cell division (o-nitrophenol, for example) the values for the two ratios given tend to fall at the unit level; when both crosses and circles are coincident, only one line is used to connect the points. In the cell division curves a distinction is made between reversible and irreversible division block, a solid line being used to denote the first and a dotted line being used to denote the second type of action.
w.XPERIM~ENTAL RESULTS

Action of Dinitrocresol on Unfertilized Eggs.--4,6-dinitro-o-cresol
produces a rise in the rate of oxygen consumption by unfertilized Arbacia eggs (Fig. 1) . The magnitude of this rise is dependent on the concentration of reagent; the optimum stimulation to some 600 per cent of the normal is obtained at a concentration of about 8 X 10 -e molar. There is a slight time lag before the optimum rate is established, but once reached, it is maintained for several hours without appreciable decrease.
Although the cells are using their reserve material at a rate far in excess of the normal, these stimulated unfertilized eggs are not seriously injured by the reagent, and remain fertilizable for more than 24 hours (Table I ); in fact, eggs treated with 10 -4 molar 4,6-dinitro-ocresol remain fertilizable for a longer period than the controls. When treated and untreated unfertilized eggs, which have been slowly shaken for many hours are transferred to sea water and fresh sperm added, the time elapsing between fertilization and first cleavage is nearly the same for the control and for the 4,6-dinitro-o-cresol treated eggs. It is known that many substances which induce artificial parthenogenesis can also stimulate the oxidative rate of unfertilized Arbacia eggs (see reference 24 for review). Attempts to use the dinitro compounds as agents for inducing artificial parthenogenesis were unsuccessful.
In view of the marked block to cell division described below for fertilized eggs, it should be recorded that the fertilization by sperm, as evidenced by successful membrane formation, can apparently take place in a concentration of 2.5 X 10 4 molar 4,6-dinitro-o-cresol.
Action of Nitrophenots and Related Compounds on Fertilized Eggs.--
The nature of the respiratory and division effects produced by nitrophenols and the environmental factors which influence the magnitude of these effects may be illustrated by the typical results obtained with 4,6-dlnitro-o-cresol. The first group of experiments is concerned with the effect of various concentrations of reagent when added at a suitable fixed time after fertilization. The oxygen consumption in any. unit of time is progressively increased up to concentrations of 5 X 10 -6 to 10 -s molar (Fig. 2) . In the presence of concentrations greater than these oxygen is taken up at a rate which is below the optimum, and, at sufficiently high concentrations, below the normal. When the data of Fig. 1 for unfertilized eggs are compared with those of Fig. 2 for fertilized eggs, the following facts are noted: (1) The optimum concentration of dirdtrocresol is nearly the same in both cases. (2) At this optimum the relative respiratory stimulation is greater for the unfertilized than for fertilized eggs, the respective values being approximately 600 and 300 per cent. Since the oxygen consumption of normal fertilized Arbacia eggs is four times that of normal unfertilized eggs, the optimum absolute rate in 4,6-dinitro-o-cresol treated fertilized eggs is approximately two and one-half that of similarly treated unfertilized eggs. (3) The oxygen consumption of fertilized eggs is depressed below the normal at concentrations of dinitrocresol above 2.5 X 10 -~ molar. That of unfertilized eggs is almost twice the normal at 5 X 10 -4 molar, and, at considerably higher concentrations, does not fall below the normal until the eggs are destroyed. The significance of the falling oxygen consumption with increasing .concentration of reagent will be considered at a later point in this paper.
In eggs treated, at 20°C., with 4,6-dinitro-o-cresol within 25 minutes after fertilization the first and subsequent cell divisions are unimpaired until that concentration of reagent which is optimum for respiration is attained. At this concentration of dinitrocresol, the number of divisions performed by the eggs is less than the number of divisions in the control eggs. In a slightly higher concentration of dinitrocresol, the eggs do not divide at all. As shown by the continuous line of the division curve this block to division is reversible after many hours exposure to concentrations almost 500 times those which first produced the division block. On return to sea water, the eggs resume division at the normal rate and develop, after the usual interval, to swimming larvae. In this, and all subsequent experiments with stimulating nitrophenols, the block to division invariably commences at or near the peak and continues throughout the down curve of oxygen consumption.
Shortly after these experiments were first reported (6), Martin and Field (31) described experiments showing that, in concentrations greater than the respiratory optimum, 2,4-dinitrophenol had an adverse effect on the multiplication of yeast (see also references 9, 19).
A second group of experiments is concerned with the, effect of a fixed concentration of reagent added at various times after fertilization. The effect on oxygen consumption is nearly independent of the time elapsing between fertilization and addition of reagent, while the block to division is sharply dependent on this factor (Table II) . At 20°C., there is a critical point 20 to 25 minutes before first cleavage is scheduled to occur. If dinitrocresol in appropriate concentration is added prior to this time relatively few eggs divide; if the reagent is added after this time, a normal proportion of the eggs proceeds to the two cell stage, where most of the eggs are arrested in development. A similar change in sensitivity is observed shortly before the second and third cleavages.
From data concerning the effect of various concentrations of dinitrocresol at temperatures of 12°C., 20°C., and 27°C. (Fig. 3) , it may be seen that: (1) The concentration which is optimum for oxidative stimulation and critical for initial division block does not vary greatly as the temperature is changed; (2) at the optimum concentration the 
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oxygen consumption of the treated eggs, as compared with that of the untreated control eggs, decreases as the temperature is raised, while the absolute number of units of excess oxygen consumed is least at 12°C., rises somewhat between 12°C. and 20°C., and remains practically constant between 20°C. and 27°C.; (3) the curves relating the oxygen consumption and the logarithm of concentration are the same in general form and differ only slightly as to the slope of their ascending and descending portions.
The 4,6-dinitro-o-cresol effect on respiration and cell division in Arbacia eggs is not particularly sensitive to changes in hydrogen ion concentration (Fig. 4) . At 20°C., the optimum concentration of dinitrocresol is slightly greater at pH 8.2 and pH 7 than at pH 6.5. The blocking effect of any given concentration on cell division is slightly greater at pH 6.5 than at lower acidity.
Accompanying the increase in oxygen consumption, there is a simultaneous and nearly equivalent increase in COs production. The ratio CO2 produced/O2 consumed is not significantly influenced by dinitrocresol, even when the oxygen consumption is raised to three or more times the normal level. The values of the respiratory quotient for dinitrocresol treated eggs (Table III) sumption in the normal and in the treated eggs does not vary significantly with the egg concentrations (Table IV) . Furthermore, under these conditions, a partial division block is not made more complete as the number of eggs is decreased (Table V) . In fact, the division block is somewhat less when smaller numbers of eggs are used, possibly due in part to the less rapid accumulation of metabolic products in the more dilute suspensions. In this fact there is some support for the hypothesis that the division bjock by 4,6-dinitro-o-cresol may be due, in some degree, to the ability of this reagent to stimulate anaerobic production of metabolic intermediates unfavorable for divi- The m-and p-nitrophenols stimulate oxygen consumption and Mock division in the same general way, but to a lesser degree than 4,6-dinitro-o-cresol. The p-nitrophenol is considerably more active than the m-nitrophenol in raising respiration, and in suppressing division (Fig. 5) . The p,nitrophenol is more active than any compound in which the nitro group in the para position has been replaced by another atom or radical. For example, p-nitrosophenol and p-aminophenol, derived from the p-nitrophenol by reduction, have no marked ability to stimulate oxygen consumption or reversibly block division in the range of concentrations effective for nitro compounds (Fig. 6) . When other groups are substituted for hydroxyl, even in the favorable para position to the nitro group, the ability to stimulate respiration and block division is lost. The substitution of a methyl group for the phenolic hydrogen, as in p-nitroanisole (Fig. 7) , or the separating of the hydroxyl from the Hng by a -CH2 group, as in p-nitrobenzyl alcohol, destroys the activity (Fig. 7) .
Proceeding from the mononitrophenols and their derivatives to the dinitro compounds, it is found that 2,4-dinitrophenol is more active than 2,6-dinitrophenol in stimulating oxygen consumption and blocking division (Fig. 8) .
Field, Field, and Martin (27) have found that the relative effectiveness of these compounds in producing stimulation of oxygen consumption in yeast is as follows: p-nitrophenol > m-nitrophenol > o-nitrophenol; 2,4-dinitrophenol > 2,6-dinitrophenol.
Introduction of the methyl group into the nitrophenol nucleus in the ortho position to the OH results in greater effectiveness at lower concentrations; for example, the optimum for 4,6-dinitro-o-cresol is 8 X 10 -e molar as compared with the optimum of 3.2 X 10 -5 molar for 2,4-dinitrophenol.
If two aliphatic side chains are introduced into the 2,4-dinitrophenol molecule the activity of the resulting compound depends on the relation of the alkyl groups to the hydroxyl and to the nitro groups. For instance there is a remarkable difference between 4,6-dinitrocarvacrol (1-methyl, 2-hydroxy, 4-isopropyl, 3,5-dinitrobenzene), which stimulates oxygen consumption and blocks division "in the same way as 2,4-dinitrophenol, and 2,4-dinitrothymol (1-methyl, 3-hydroxy, 4-isopropyl, 2,6-dinitrobenzene) which blocks division in extremely low concentrations with only a slight stimulation of oxidation (Fig. 6) . A full discussion of the significance of this difference must be reserved for a later paper. The fact that 2,4-dinitrothymol fails to stimulate respiration and yet blocks division in a concentration of 10 -e molar, added to the fact that 4,6-dinitrocarvacrol and other nitrophenols blocking division at a concentration of 10 -~ molar or more exhibit respiratory stimulus with a down curve of oxygen consumption coinciding with the block to division, suggests that the biological effects of these agents may be the result of two factors. One factor leads to stimulation of oxygen consumption and does not affect cell division. The other factor leads to a limitation of the rate of oxygen consumption and suppression of cell division.
Enlarging the carbocyclic grouping to which the hydroxyl and nitro groups are attached tends, in some cases, to increase the activity at low concentrations. As examples, 2,4-dinitro-a-naphthol and 2,4-dinitro-ar-tetrahydro-a-naphthol may be compared with 2,4-dinitrophenol (Fig. 7) .
TABLE VI
Nitro and related compounds which have little or no effect on the cell division of fertilized eggs of Arbacia punctulata, when the eggs are first exposed at either 15 or 40 minutes after fertilization at 20°C. As in the mononitro derivatives, replacement of the hydroxyl in 2,4-dinitrophenol by an amino group to give 2,4-dinitroaniline results in almost complete loss of activity (Fig. 8) .
It is particularly interesting to note that when a third nitro group is introduced into the highly active 2,4-dinitrophenol or 2,6-dinitrophenol to form 2,4,6-trinitrophenol (picric acid) there is a total loss of activity (Fig. 8) .
CELL ~EETABOLISM AND CELL DIVISION. I
Other nitro and related compounds found to be ineffective in producing a marked respiratory stimulation or a division block are listed in Table VI . It should be particularly noted that dinitrobenzene and other nitro compounds which do not contain the phenolic hydroxyl group exert no effect on cell division until very high and usually lethal concentrations are reached. ing agents, including oxygen, produce, when present in relatively low concentrations, a rise in rate of oxygen consumption of marine eggs. Methylene blue, o-cresol-indophenol, and neutral red, three oxidation-reduction indicators of potentials ranging from E0' = -t-200 inv. to -300 mv. at pH 7 (the intracellular pH) and 30°C. (4, 16) , raise oxygen consumption to varying degrees. With none of these reagents is the stimulation of oxygen 'consumption as great as with the nitro and dinitrophenols (Fig. 9) . In relatively high concentration the reversible dyes block division. This division block is, to a large extent, irreversible, since the eggs do not recover on return to sea water. It is desired to emphasize the fact that fertilized eggs of Arbacia subjected to optimum respiratory stimulating concentrations of these dyes are, so far as subsequent division is concerned, dead cells.
Action of Reversible Dyes on Fertilized
When a fixed concentration of each of the three above reagents is added separately to samples of the fertilized eggs at varying times during the first and later mitotic cycles no particular variation in intensity of division block is observed. If the concentration is large enough to produce a total block to division the eggs do not perform further divisions regardless of the time in the division cycle at which the reagent is added. This is in marked contrast to the action of 4,6-dinitro-o-cresol and certain other respiratory stimulating nitrophenols, to which Arbacia eggs are particularly sensitive prior to one certain point in each mitotic cycle.
Three two step reversible oxidation-reduction indicators, dimethylp-phenylene diamine, tetramethyl-p-phenylene diamine, and pyocyanine also increase respiration and irreversibly block division in higher concentration (Fig. 10) . The first two have values for E0 p at pH 7 and 30°C., in the range +250 mv. to +350 my. The latter has an E0 p at pH 7 and 30°C., of the order of -30 mv. (17) .
After immersion of the eggs in dimethyl-p-phenylene diamine there is a marked decrease in the intensity of color of the dye solution. Since the eggs produce a similar decrease in the color of o-cresolindophenol it may safely be assumed that, under the present experimental conditions, the eggs can reduce these two dyes of high potential (see Chambers, Pollack, and Cohen (2)). This reduction, when the dye concentration is 10-* molar or less, results in no interference with the division rate of the eggs. DISCUSSION The conclusion has been reached that the mode of action of nitrophenols and related substances differs essentially from that of methylene blue, pyocyanine, or other oxidation-reduction indicators. The most significant facts bearing on this point may be summarized as follows.
1. 4,6-dinitro-o-cresol and other active nitro compounds give optimum stimulation of respiration and initial reversible block to division at concentrations as low as 10 -6 molar, while the oxidation-reduction dyes exert their maximum effect on oxygen consumption in the range 5 × 10 -4 to 5 X 10 -3 molar, a concentration one hundred to one thousand times as great as that at which most of the active nitro compounds are effective.
2. The block to division exerted by nitrophenol derivatives close to the peak of respiratory stimulus is fully reversible, the eggs developing in a normal manner when returned to sea water. This block to division remains fully reversible until concentrations one hundred to five hundred times those required for initial division block are reached. The oxidation-reduction dyes, when present in sufficient concentration to produce significant rises in oxygen consumption, exert a destructive effect since the eggs so treated do not divide when returned to sea water after a 3 hour exposure.
3. The partial reduction products of nitro compounds such as p-nitrosophenol and p-aminophenol, are in no way comparable to the nitro compounds in their ability to stimulate respiration or reversibly block cell division.
4. No effect on oxygen consumption or cell division results from the intracellular reduction of an amount of reversible dye more than ten times the equivalent of the amount of nitro compound present in a respiratory stimulating and division blocking solution of the latter.
5. The optimum concentration of 4,6-dinitro-o-cresol and the absolute amount of excess oxygen consumed at this optimum concentration change only slightly with temperature.
6. The Arbacia eggs show a cyclic sensitivity to reversible division block by certain nitro compounds; the division block by dyes, which in any case is irreversible, appears to be equally intense at all points in the mitotic cycle.
7. 4,6-dinitro-o-cresol raises oxygen consumption in both fertilized and unfertilized eggs of Arbacia punctulata. Under optimum stimulation the absolute level in fertilized eggs is two and one-half to three times that in unfertilized eggs. This result contrasts with that obtained by RunnstrSm (20) with dimethyl-p-phenylene diamine, one of the two step oxidation-reduction indicators. This latter substance raises the rate of oxygen consumption to approximately the same level in both fertilized and unfertilized Arbacia eggs.
In forming a working hypothesis to replace or supplement the one based on oxidation-reduction, there are several suggestive facts to consider. First, the division blocking effect of 4,6-dinitro-o-cresol is rapidly and completely reversible. Second, little or no destructive action results from long exposure of the unfertilized eggs to the reagent. Third, there is no evidence of a direct relationship between egg numbers and the respiratory stimulating and division blocking effects produced by a given amount of a given concentration of reagent. The reversible combination of the 4,6-dinitro-o-cresol with some cellular constituent, or the adsorption of the reagent on and displacement of substrate from one or more enzymatic surfaces might well be associated with such a dependence on the concentration and independence of the total amount of reagent employed. A fourth point is that the decrease in 4,6-dinitro-o-cresol stimulation of respiration with rising temperature is in harmony with a concept involving reversible combination or adsorption.
A fifth point in favor of accepting such a concept as a working hypothesis is found in the fact that the nitrophenols are known to form molecular addition compounds with nitrogen containing substances similar to those which are known to play a r61e in cellular metabolism (18) . In the case of the isomeric mononitrophenols, the tendency toward the formation of such addition compounds parallels the ability to stimulate respiration and block division, being greatest for p-nitrophenol and least for o-nitrophenol. In this connection, the possibility of formation of nitrophenol-metal complexes may also be of importance. It has also been suggested that the dinitrophenols may combine with a substance acting as a regulating factor for respiration (7) or may bring new, previously unused, respiratory centers into play (1).
Handovsky and coworkers (28) have emphasized the reduction of nitro compounds by cells and have also stressed the effects of these compounds on the reducing activity of tissues and tissue extracts. Alwall (25) has suggested that the dinitrophenols act as reversible oxidation-reduction systems which aid in the transport of hydrogen to the cytochrome-oxidase system.
If some reversible combination of the sort mentioned here does occur, the experiments presented in this paper may perhaps be used to indicate by analogy the type of attractive forces involved. (a) Combination cannot be due to any unsaturated affinity associated with the nitro groups, since picric acid is inactive in raising respiration or blocking division at pH 8.2. (b) The acidity of the phenol group is not an important factor, since o-nitrophenol has a pK of approximately 7.2, p-nitrophenol a pK of approximately 7.2, 2,4-dinitro-phenol a pK of approximately 4.0 (3). The former substance is inactive up to very high concentrations and the latter two substances are very active in stimulating respiration and blocking division. (c) The high dipole moment, and consequent additive properties of the entire molecule are not likely to be involved, since p-nitroaniline and p-nitrosomethylaniline, which have no effect on respiration or division, have dipole moments equal to or greater than that of p-nitrophenol (11) . (d) Any compounds formed are not likely to be of the oxonium type, since the mixed ether, p-nitroanlsole, produces in low concentrations no rise in oxygen consumption or block to division.
Since the phenol hydroxyl, from the experiments to date, appears to be indispensable, the free hydroxyl group is suggested as the principal center of combination.
When the effects of a given compound on respiration are compared with the effect of the same compound on cell division, it is observed that the range of concentration in which the reversible division block is produced coincides with the range of concentration in which the rate of respiration is decreasing from the optimum value. This relationship holds for a single compound at different temperatures and for a wide variety of compounds at a single temperature. Hence, the reversible division block seems to be associated with a limitation, disturbance, or block of an aerobic phase of metabolism rather than with an actual oxygen lack. The behavior of the two isomers, 4,6-dinitrocarvacrol and 2,4-dinitrothymol supports this view. The former gives a block to division and a respiratory stimulation to some 350 per cent of the normal at a concentration of about 10 -5 molar; the latter gives a reversible block to division at an extraordinary dilution of about 10 -6 molar with little or no previous or coincident rise or fall in respiratory rate.
The coincidence of the down curve of respiration and the reversible block to division by nitro compounds in Arbacia eggs might well be the result of (1) Activation or inactivation by the nitro compound of one or more substances concerned with metabolism and cell division, or (2) accumulation, in high local concentration, of an intermediate metabolite unfavorable to division. From the evidence available, the former of these two hypotheses appears the more probable.
